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SUMMARY
An attempt was made to develop a method whereby an
\
analysis of a heterodisperse aerosol could be conducted so 
that a particle size-percentage of weight curve could be 
plotted.
The problem was approached through the use of monodis- 
perse aerosols, and the basic assumption was that each dif­
ferent sized particle of a heterodisperse aerosol would act 
independently of the others and have the same wetting pro­
perties as a monodisperse aerosol of its particular particle 
size.
The equipment used for this study consisted of (1) a 
monodisperse aerosol generator for the production of uniform 
particle-size aerosols, (2) an instrument known as the " Owl,f 
for measuring the particle size of the aerosols produced by 
the aforesaid generator, (3) a Cottrell precipitator for 
measuring the density of the aerosols, (Ij.) a series of jets 
for determining deposition values of the aerosols, (5.) and - 
a Norgren Micro-Fog Lubricator, made by the C, A, Uorgren 
Company of Denver, Colorado, for'the production of hetero­
disperse aerosols.
The properties of the monodisperse aerosols were deter­
mined and used in the analysis of the heterodisperse aerosols, 
yielding a set of equations which, when solved, gave a weight 
distribution of previously chosen particle sizes in the 
heterodisperse aerosols. The results were then plotted in
the form of particle size —  percentage,, of weight curves 
for each analysis.
It is the author*s opinion that the resulting particl 
size —  percentage of weight curves, although lacking in 
complete accuracy, are satisfactory and of definite value.
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Tlln, PROBLEM OP APR0 SOL ANALYSIS
Statement of Problem
With the aid of a fellowship sponsored by the G• A. 
horgren Company of Denver, Colorado, an attempt was made to 
develop a method wnereby an analysis of an aerosol, of the 
type produced by the Aorgren Micro-Fog Lubricator, could be 
conducted so that a particle size — percentage of weight 
curve could be plotted* This work was carried out under the 
direction of Dr* W. A • iiowe of the Chemistry Department of 
the Colorado nchool of Mines.
Theory of Aerosols
An aerosol is a suspension, of the colloid type, of 
liquid particles in a gaseous carrier* The ability of a 
liquid particle, in aerosol form, to wet a surface depends 
upon its size and its velocity of movement* This wetting, 
or 11 sedimentation, 51 may occur in one of two -ways. It may 
be sedimentation by diffusion or sedimentation by impact*
If the particle is of small enough size, 0*05 to 0*3 micron 
diameter, it may be adsorbed because of its favorable dif­
fusion coefficient. If the particle is of intermediate 
size, approximately 0*3 micron diameter, its diffusion 
coefficient may decrease to a point at 'which sedimentation 
either fails or proceeds very slightly. If the particle is 
of larger size, it will settle by impact, having attained 
sufficient momentum, either by force of gravity or some other
2
force, to cause it to strike any surface in its path* For 
example, though an adsorbent charcoal may be used to remove 
benzene gas or vapor and also large droplets of benzene, the 
cnarcoal fails to remove benzene droplets in the intermediate 
size range of 0*3-micron diameter* 1/ It Is Important that
T7 I^eundiich, H., Colloid and capillary chemistry, 3d ed., 
(translated by liatfield, II* S.), p. 785* New York, L. P.
Dutton Co., 1 9 2 2 . ______ _________ ________ _____
the relationship of size and sedimentation be kept in mind
when studying the properties of aerosols.
Review of Previous Work
Aerosol studies were instigated by tne United States 
Government in 19Ip2, chiefly through Army and wavy contracts. 
This work was done principally by Dr* Victor La Her of Colum­
bia University, Dr* W. II. Rodebush of the University of Illin­
ois, Professor P. F. Johnstone of the University of Illinois, 
Dr* Irving Langmuir of the General Liectrie Company, and Dr* 
Frank Gucker of U or thtwe stern University, later of Indiana 
University. 2/ The most valuable work, with respect to the
27 Lowe, W. ’W*, Unpublished report to the C. A. Norgren 
Company, Kay 19l|8._________ _ ________________________
problem considered here, was carried out by Dr. Victor La her
and his associates at Columbia University who developed the
monodisperse aerosol generator, a device to produce aerosols
very uniform in particle size, and an optical method of
measuring the particle size of such, aerosols. 3/ The mathe-
J T  Sinclair, David, and La her, Victor, Light Scattering as" 
a Measure of Particle Size in Aerosols; Chem. Rev*, vol. l|i|, 
no. 2, pp. 2l[_5-a67, Apr. 19l|9»__ _____________________________
3
matical background for this optical method of particle-size 
measurement was established by G. Hie in 1908 and later 
verified by La Mer, Sinclair, and others. On the basis of 
this theory a portable instrument was constructed for the 
rapid measurement of particle size. This instrument, common­
ly known as the »» Owl, 11 will be discussed in detail later.
Using a modified form of the monodisperse generator 
and the 11 Owl,11 Dr s. W. W. Howe and W. H. Durake, of the 
Colorado School of Mines, conducted experiments on the wet­
ting properties, with respect to the Willy Sell equation, of 
uniform—particle-size aerosols. )±/ Their work, carried out
W ~  Howe, W. W., and Dumke, W. H., Unpublished report to the 
C. A. Norgren Company, Sept. 1, 1914-9.________________________
with aerosols produced from n-hexadecane, necessitated the 
calibration of the Owl,! for this substance. After the 
particle size of the aerosols could be accurately determined, 
wetting studies were made. The results of these studies, in 
essence, support Sell*s equation, which states that the effi­
ciency of deposition of aerosol particles on a stationary 
object is dependent upon the square of the particle diameter 
multiplied by its velocity. Mathematically stated, the Sell 
equation.is
where
E - efficiency of deposition of aerosol particles 
d - diameter of aerosol particles 
V - velocity of aerosol particles
p - density of aerosol particles 
[i - viscosity of air
D — dimension of object to be wetted, with respect' to 
its contour
By holding C, p, p, and D constant, Dr s. Howe and Dumke pro­
ceeded to determine the value of d3V* Using this value, they 
were then able to predict the required velocity for efficient 
wetting of an aerosol of any particle size with tne operating 
conditions tiiey employed*
Important work in tne sampling of aerosols and in the 
estimation of size distribution was done by K* R. May $/9
5/ May, K. R*"7nThe~Cascade Impactor: British-Jour. oIr"ScTen- 
Tiflc Instruinents, vol* p. 167, 19145*___________ _ ______
and the methods were improved by L* S* Sonkin* 6/ Their
57 Sonkin, L* S •, ModifiedCascade Impactor: Jour• of Ind. 
hygiene and Toxicology, vol* 28, p. 269, 19it-6*
sampling tecunique was that of dividing the aerosol into a
number of different fractions of approximately the same size*
by the use of tne cascade impactor*
The cascade impactor consists of a series of jets of
decreasing size with a sampling slide mounted close behind
each jet* The aerosol stream passes through the jets at an
increasing rate, ujo to approximately sonic velocities, and
deposits the largest particles on the first slide, and t^ 
successively smaller particles on the subsequent slides. 
This particle size fractionation was used to speed the tedi­
ous process of determining the size bf particles under the 
microscope, and allowed an estimate of sizo distribution
5
from chemical or colorimetric analysis of the amount of ma­
terial collected on each slide* This apparatus functions 
most efficiently with particles from a few tenths to fifty 
microns in diameter.
Approach to Problem
Although tiie problem presented deals with tne analysis 
of neterodisperse aerosols, it was decided that the best 
method of attack would be through the use of monodisperse 
aerosols* Since it was possible, because of the work of La 
her and Sinclair, to produce aerosols of uniform particle 
size and to measure that particle size, it was decided to 
study those aerosols whose particles had a range in size 
comparable to that of the heterodisperse aerosol produced 
by the dorgren Lubricator* The basic assumption was that 
eacs different sized particle of a heterodisperse aerosol 
would act independently of the others and have the same 
wetting properties as a monodisperse aerosol of its particu­
lar particle size. It was then proposed that monodisperse 
aerosols having sizes ranging from G.lj. to 1*6 microns dia­
meter be studied. It was believed tnat this range would 
cover the sizes in the aerosol produced by the horgren Lu­
bricator. In particular, the diameters chosen were O.lp,
0*6, 0.8, l.C, 1.2, and 1.6 microns. The deposition of 
these aerosols was studied using six jots whose diameters 
were l.IpQ, 1.69, 1*90, 2.15, 2.i;8, and 2.80 mm.
It can be seen that fpr each particle size, six deposi­
6
tion values, in the form of the percentage of aerosol depo­
sited, would be obtained, one for each jet* With the condi­
tions of flow remaining constant, there could be developed 
a series of depostion values for each particle size and each 
jet, the total result being six sets of deposition values, 
one set for each jet* Prom the basic assumption it nay be 
seen tnat these deposition values could be applied to the 
particles of a heterodisperse aerosol* Ey measuring the 
amount of heterodisperse aerosol deposited from a particular 
jet, the deposition value for that jet could be set up in 
the form of an equation stating that the summation of the 
fractions of'eacn particle size deposited must equal the 
total deposit of the heterodisperse aerosol* Prom measure­
ments of the amount deposited from each of the six jets, 
there would result six equations of the form stated. lach 
of the six equations would contain six unknowns, which would 
be the total amounts of a particular particle size present 
in the heterodisperse aerosol. An example of this type of 
equation follows.
Aa + Bb + Cc + Dd + Ee + Ff _ ^
100
where
A - total amount by weight of particles of 0. If-micron 
diameter in heterodisperse aerosol 
B - total amount by weight of particles of 0.6-micron 
diameter in neterodisperse aerosol 
C - total amount by weight of particles of 0.8-micron 
diameter in heterodisperse aerosol
7
D - total amount by weight of particles of 1*O-micron 
diameter in heterodisperse aerosol 
E - total amount by weight of particles of 1.^-micron 
diameter in heterodisperse aerosol 
F - total amount by weight of particles of !•6-micron 
diameter in heterodisperse aerosol 
a - percent of particles of 0. Ip-micron diameter depo­
sited by jet from monodisperse aerosol 
b - percent of particles of 0o6-micron diameter depo­
sited by jet from monodisperse aerosol 
c - percent of particles of 0*8-micron diameter depo­
sited by jet from monodisperse aerosol 
d - percent of particles of 1.0—micron diameter depo­
sited by jet from monodisperse aerosol 
e - percent of particles of l.d-micron diameter depo­
sited by jet from monodisperse aerosol 
f - percent of particles of 1.6-micron diameter depo­
sited by jet from monodisperse aerosol 
T - total weight of heterodisperse aerosol deposited 
13y solving these six equations it would be possible to de­
termine tne total amount by 'weight of the six particle sizes 
present in the heterodisperse aerosol. These values could 
then be plotted to give a j^srticle size —  percentage of 
weight curve of the aerosol studied.
To insure the range of particle size measured in the 
heterodisperse aerosol, a jet would be calibrated tuat would 
remove 90 percent of the particles whose diameter was 1.8
8
microns. The heterodisperse aerosol would be passed through 
this jet in order to remove the larger sized particles, after 
which it would be passed through the six calibrated jets for 
determination of the weight values to be substituted in the 
six equations.
The above procedure would be a method of mathematical 
averaging. It assumes that the only sizes present in the 
heterodisperse aerosol are those chosen, namely, GJx, 0,6, 
0.8, 1.0, 1,2, and 1.6 microns in diameter. The size of 
the particles in the heterodisperse aerosol varies through 
the entire range from 0,̂ . to 1.6 microns in diameter but, 
because average particle-size values were chosen t'urough 
this range, it is doubtful that there would be much differ­




Etable aerosols of uniform, particle size were produced 
by slow and uniform condensation of vapors of a pure liquid 
well mixed with air containing condensation nuclei. The size 
of the particles was governed by the ratio of condensable 
vapor to the number of nuclei. Control of this ratio was 
brought about by regulation of boiler temperature, air-flow 
through the boiler and through the ionizer, and current 
passing through the ionizer. By careful control of these 
variables, it was possible to produce aerosols having a 
particle radius which did not vary more than 0.05 micron.
This was demonstrated by repeated readings on the *» Owl. f!
It will be shown later that these variables afforded a range 
in concentration of aerosol production.
Description of Equipment
Monodisperse Aerosol Generator: The boiler of the
monodisperse aerosol generator (see Pig. 1), in which the 
aerosol forming liquid is placed, is a two-liter pyrex 
flask fitted with a thermometer inlet, a thermoregulator in­
let, an air-tube inlet, and a comiector-tube outlet. The 
flask and its contents are heated electrically in an asbes­
tos board box. Connected to the neck of the boiler, by 
means of a standard taper ground glass joint, is tne ionizer 
where the condensation nuclei are formed.
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air inlet, and a nichrome wire coil in which there is a plug 
of sodium chloride. The current through the nichrome wire 
coil is maintained accurately by means of a constant-voltage 
transformer. Air passing through the ionizer acts as a 
carrier for the condensation nuclei, directing them into the 
upper part of the boiler where they-are mixed with the vapor 
of the substance being heated. The mixture of the vapor and 
condensation nuclei then passes through the connector-tube 
outlet and is directed into the reheater through two fine 
jets, approximately 1 mm in diameter. These jets produce 
the required turbulence for intimate mixing in the reheater.
The reheater is a two-liter pyrex flask which is sur­
rounded by an asbestos board box and electrically heated to 
a temperature somewhat higher than that of the boiler. This 
temperature is held constant by means of Variac control.
From the reheater, the aerosol passes dovm through a double­
walled glass condensor, approximately in. long and 1 in. 
in diameter. The downward passage is an aid in large-particle 
aerosol production. At the end of the condensor-tube, air 
is introduced in order to dilute the aerosol and prevent ex­
cessive condensation.
!t Owln : From the generator, the aerosol is introduced
into the ” Owl” for particle-size measurement., (see Fig. 2.)» 
This instrument , which was designed by La Her and Sinclair , 
consists of a cylindrical chamber, the inside of which is paint­
ed black, and a light source. The light source used is a Bausch 


















the aerosol through a low-powered microscope* The axis of 
rotation is perpendicular to the plane of observation* A 
cylindrical window in the side of the cnamber allows obser­
vations at angles from 15 to 165 degrees. These angles are 
read from a graduated scale* A parallel beam of light direct­
ed across the chamber diametrically enters a metal tube which 
serves as a light trap.
The eyepiece of the microscope contains a split-field 
Polaroid disc of which one half has its vibration direction 
perpendicular to the dividing line and the other half has 
its vibration direction parallel to the dividing line. As 
the lignt source is rotated, the scattered light can be ob­
served with tne dividing line parallel to the plane of ob­
servation*
The passage of a parallel beam of white light through 
the aerosol results in an exhibition of what is termed ff the 
higher order Tyndall spectrum. " The number of red bands 
observed has been used to define the order. 1/ The bright—
77 La her," Victor and Sinclair, David, O.S.R.D. Report 1637 
and Report Office of Publications Board, U. b. Depart-
me nt of C omme rc e._____ _____ _______ _______ ______ ___________
ness of the spectrum increases with uniformity in particle 
size. Also, the number of times the spectral series is re­
peated increases with, particle radius. The aerosol is viewed 
through tne microscope and the particle radius may be esti­
mated by counting the number of times the red band appears 
upon rotation of the microscope. The radius of the particle 
in microns is approximately equal to one-tenth the number of
IAr*







red bands observed. Once the relationship between particle 
radius and angular position of red bands has been detemined, 
the measurement of particle size for monodisperse systems be­
comes quite simple. The red bands are located end the angle 
of location is read from the graduated scale. The radius is 
then read directly from the graph (see Fig. 3)» originally 
plotted by kowe and Dumke from the results of their calibra­
tion of the *» Owl,! for n-hexadecane.
Cottrell Precipitator; The Cottrell precipitator (see 
Fig. lj) is used for measuring tne density of the aerosol as 
it comes from the generator. It is made of a pyrex glass 
U-tube approximately I’d in. long, having a diameter of 3/l» in.
and a wall tnickness of 1/16 in. The tube measures d in. in
width from center to center and has a 3/16-in. inlet and out­
let. A copper wire, no. 18 B and S gage, passes through the
full length of the tube, either end acting as a terminal.
The wire is guided at intervals ty small packings of asbestos 
fibre. The outside of the U-tube is wrapped with the,same 
type of -wire to form a close coil, one end acting as a ter­
minal. The electric field sot up in the precipitator, approx­
imately 7000 volts at 0.75 amp, is controlled and maintained 
by means of a variable-voltage transformer which feeds a 
standard high-voltage transformer. The high-voltage trans­
former is connected to the precipitator. During the passage 
of the aerosol through the precipitator, a high-powered spot­
light is focused on the outlet to give visual assurance of 













































tator is considered a very accurate method of determining 
the density of aerosols*
Jets: After density has been measured, the aerosol is
introduced into a series of jets (see Fig. 5) for deposition 
measurement. There are six of tnese jets whose outlet dia­
meters are: l.ij.8, 1.69, 1.90, k.l5, and ^.80 ram. The
jets, made of pyrex glass tubing, are approximately 5 in. 
long and have an outside diameter of 5/16 in. The inside 
diameter measures l/k in. for Ip in. and is sharply reduced 
at this point so that the remaining length of about 1 in. is 
of the desired outlet diameter. The jets are placed in a 
wooden rack for convenience and are always used individually. 
On the basis of the study of i^etting properties made by Howe 
and Durake, it was decided that this range of jet diameters 
would give the most complete picture of deposition properties 
of aerosols ranging in particle size from 0.L;- to 1.6-micron 
diameter. The aerosol is passed tnrough eacn jet at the 
sajTie rate of. flow as through the precipitator. A piece of 
no. 00 filter paper 1 1 /Ip in. square, backed by aluminum 
foil, is placed 1 mm from the mouth of each jet. The filter 
paper is securely attached to the plate by a small amount 
of laboratory adhesive.
Description of Procedure
Konodlsperse Aerosol heas-rements: The aerosols studied
were made from n—hexadecsne, which is one of the constituents 





















properties of n—hexadecane are
specific gravity — 0*775
melting point - 13*12 C
boiling point - h87*5 C
Approximately 300 to 1|00 cc of n-hexaaecane were placed in 
the boiler of the monodisperse generator* Filtered air was 
introduced at about 0*15 cfm into the boiler and bubbled 
through, tne sample. At the same time, filtered air at 
approximately 0.07 cfm was introduced into the ionizer cham­
ber. The boiler and its contents were then heated electri­
cally to between 95 C and 150 G depending upon the particle 
size desired. This temperature was controlled by the set­
ting of the thermoregulator, before the desired temperature
of the boiler was reached, a current of from 2 to 3 1 /2  amp
was introduced into the ionizer coil. While these operations 
were being performed, the reheater flask was being electri­
cally heated to a temperature of approximately 195 C.
When the aerosol was observed passing tnrough the con­
denser tube, filtered air at approximately 0.05 cfra was in­
troduced to dilute the aerosol.
After the temperature of the boiler and tne reheater 
had reached the desired point and become constant, the 
aerosol was introduced into the n Owl,M and particle-size 
measurements were taken. If tne particle being produced was 
larger or smaller than that desired, the size was adjusted 
in the following manner. The particle size was increased 
by: (1) increasing the boiler temperature, (2) increasing
the amount of air bubbling through the sample, (3) decreasing
the current flow through the ionizer, (Ip) or decreasing the 
air flow across the ionizer. One or a combination of the 
four methods may be used, but trie simplest and quickest method 
was found to be a. combination of (2} and (!}.)• Obviously, the 
methods.of decreasing the particle size were the reverse of 
the above operations. Headings on the n Owl” were taken 
again as soon as a stabilized condition was reached in the 
generator.
The aerosol was then passed through a calibrated floxi­
meter and into the Cottrell precipitator for density measure- 
merit. The rate of flow through the precipitator was held at 
0.35 cfm for a period of 10 minutes and was maintained by 
regulation of the dilution air. By weighing the Cottrell 
before and after the passage of the aerosol, the concentra­
tion was determined in grams per cubic foot.
After the density of the aerosol x-jas determined, depo­
sition values were obtained through the use of the jets.
The rate of flow through each jet was maintained at 0.35 cfm, 
the same as through the precipitator, and was kept constant 
at all times. Any variation in the rate of flow would have 
in turn altered the velocity through the jet and made it 
impossible to apply the fundamentals set down by the Bell 
equation. By keeping the rate of flow constant, the velocity 
and percentage of deposition were made a function of jet dia­
meter only. . '
An analytically weighed plate, consisting of a rectan­
gular piece of no. 0C filter paper backed by aluminum foil,
21
was placed 1 mm from the mouth of the jet being used. The 
aerosol was passed over this plate for a period of Ip minutes, 
after which the plate was reweighed. The weight of oil de­
posited was then determined by difference and the percentage 
of oil calculated by the following equation*
100 KPercentage of deposition = t— 1— “
u C p
where
g - grams of oil deposited on filter paper 
t - time of aerosol passage, minutes 
c - rate of flow of aerosol, cfm 
p - density of aerosol, g per cf 
This operation was performed with each of the six jets and 
was repeated a minimum of three times for the purpose of 
checking. The entire procedure was repeated for each aero­
sol of a different particle size*
Heterodisperse Aerosol Measurements: The aerosols
studied were produced by the Norgren Micro-Pog Lubricator 
(see Pig. 6). The Lubricator was set up and operated at 
three different sets of previously chosen conditions. They 
were (1) lip06 psig and a feed rate of 60 drops of oil'per 
minute, (2) 16*0 psig and a feed rate of 60 drops of oil per 
minute, (3) and lip.6 psig and a feed rate of 60 drops of 
n-hexadecane per minute.
The aerosol was introduced into a 5-gal bottle which 
was fitted with outlet controls for easy sampling* The 
aerosol sample was first passed through a calibrated jet and
22
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over a filter plate that would remove 90 percent of all the 
particles of 1*8 microns in diameter* The filtered aerosol 
was then passed through a flowmeter and into the Cottrell 
precipitator for density measurement* After the density of 
the aerosol was determined, it was passed through each of 
the six jets for deposition measurement* These deposition 
values were checked a minimum of three times*
The rate of flow through the Cottrell precipitator and 
through the jets was held at 0*35 cfm* The density deter­
mination was based on a 10-minute run, and the deposition 
values were based on If-minute runs. Calculations of the 
density and deposition values were made exactly as they were 
in the monodisperse aerosol determinations*
Data and Calculations
Table A illustrates examples of the required settings 
on the monodisperse aerosol generator to produce uniform 
particle-size aerosols. Also shown are densities of these 
different aerosols as measured by the Cottrell precipitator*
The following is a sample density calculation* 
w - weight of aerosol precipitated, g 
c - tare weight of Cottrell precipitator, g 
Aerosol flow, Flowmeter No* 2 - 0*35 cfm 
Time of run - 10 min*
Amount of aerosol passed - 10 x 0*35 ** 3*50 cf
w + c =* 62.l4.39il 
c *■ 62*2928 
w aa 00.llj.66
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/
Density, p, = 9 = Q#olpl8 g/cf (
Table E illustrates the deposition values obtained with
the six jets using the monodisperse aerosols. Note that the
selected values indicated in Table 33 are a result of combining
«average values and chosen values that produce a fairly smooth 
curve when the percentage deposition is plotted versus parti­
cle size (see Curve I). The following is a sample percentage- 
deposition calculation.
a - weight of particles deposited on plate, g  
p - tare weight of plate, g
p - 0.0lpl8 g/cf
Aerosol flow, Flowmeter No. 2 - 0.35 cfm 
Time of run - Ip min.
Amount of aerosol passed - ip x 0.35 x 0. 0ipl8 = 0.0585 g
a + p = 0.7ip03 
P 3 P-»-72Q5
a = 0.0118
Percentage of deposition = q,# x ~ 20.20 °/0
Table C illustrates the analysis data taken on the three
different heterodisperse aerosols produced by the Norgren
Micro-Fog Lubricator. From this data and the data set down 
in Table B, the following sets of equations for each analysis 
were formulated.
Analysis Is
.0330A + .05953 + .07050 + .0902D + .20903 4- .lj_100F = .00060
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• 1250A 4 . 22S0B 4 .3510C 4 •Ifi^OOD + . 5300E 4 .7100F = .OO2 I4.O
.1930A + .3380B + .514-500 + .6220D 4 • 7200E + . 81|60F = • OOI4J4.O
• 37koA + •I4I1OOB 4 .6 l6 o c  + .7300D + •8170  a 4 • 8770F = *00850
. 6800A + .8ooob + .81|.5oc + • 92000  + •935oa + . 9IA 0P = •oiaij.o
Limiting equation - A + B + C + D + S + F =  • 01770
Analysis II:
•0330A .0595B + •07050 4 •0902D + •2090E + .[ilOOF = .00110
•060QA + .1390B + .2200C 4 .2830D 4 • l|300E + •6200F = .00220
•1250A 4 ,aa5oB + •3510C 4 • l|lj.00D + •5300E 4 •7100F = .00250
•1930A 4 .339ob + • 51i5oc 4 •6220D 4 .7Soos 4 • 81j.60F = .00560
• 37lj.OA 4 ,iii|.00B + .6160c 4 •7300D + •8170E 4 •3770F = .00950
•6800A 4 .8ooob + . 81*.5oc 4 •9200D + •9350S 4 .9M4-OF = .01390
Limiting equation A ■4 B 4 C 4 D 4 E 4 F =* .01715
Analysis III:
<$0rnCO0• 4 •0595b 4 •c7o5c + •0902D + .2090S 4 .ip.CGP = .00060
.0600A 4 .139ob 4 .2200c + .2830D 4 »Lj. 3 o 0 e + • 62OOF = .00120
.1250A 4 .2250B 4 .35ioc 4 • i^OOD 4 •5300S 4 .7100S = .00170
.1930A 4 •338ob 4 •5^5oc 4 •6220D 4 •7S00S 4 .8lf.60F = .00395
.37l|OA 4 .kkOOB 4 .6160c 4 .7300D 4* .8170s 4 .877OF = .00660
.68OOA + .8000B 4 0 8I4.5 00 4 .9200D 4 •935os 4 .9ljlj-0F = .00990
L im iting equation A 4■ b: + C + D 4 S 4 F == .01250
It was first proposed that these equations should he 
solved as simultaneous equations® However, after numerous 
attempts were made to do so, it was decided that a better 
method would be one of trial and error solution based upon 
the limiting equation of each analysis* It can be seen that
the limiting equation is based on tne total weight of aero­
sol passed through each jet per run. Table D shows the re­
sulting analysis for each set of equations and also the. 
accuracy of the analyses when applied to the equations. The 
curves that result from these analyses are presented as Curve 
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DISCUSSION OP FINDINGS
hrrors Known and Possible
The error that is of greatest importance in the problom 
is the assumption that the aerosol is of constant density as 
it is passed through tne various jets. To maintain a con­
stant rate of flow of 0.35 cfm, an increase (usually quite 
small) in the dilution air was necessary to offset the back 
pressure created by the jets. Hence, the air-aerospl ratio 
increased and the density of the mixture was altered. Much 
time was spent experimenting with the monodisperse aerosol 
generator to determine the operating conditions that would 
give the desired particle size and also require a minimum 
adjustment of the dilution air. Under tnese conditions it 
was found, by observing the amount of dilution air required 
to maintain a constant rate of flow, that the back pressure 
created by the smallest jet was very nearly the same as that 
created by the Cottrell precipitator. Although minimized as 
much as possible, this error may still be observed in tne 
irregularities of curves shown in Curve I. The irregulari­
ties, in all probability, are a direct result of the density 
assumption and the laboratory methods employed. An attempt 
was made to offset the errors by plotting each curve so that, 
if the individual curves were plotted continuously over a 
wider range, they would represent segments of an ” S n pat­
tern as shown by the original data. The accuracy of the
36
analysis of the heterodisperse aerosols indicates that the 
selected values forming the smooth curves approach the correct 
values*
It is of interest to note that, although the density of 
the aerosol was somewhat affected by its passage through the 
jets, the particle size remained constant, as was verified 
by measurements of the particle size before and after its 
passage through the jets.
The assumption that the particle sizes chosen, ranging 
from 0• I4. to 1.6 microns in diameter, were the only sizes pre­
sent in the heterodisperse aerosol was another source of 
error. However, it is doubtful that tiiere is much difference 
between the actual and the calculated weight distribution of 
the particles, because average sizes were chosen throughout 
this range.
An error was introduced into the analysis of the hetero­
disperse aerosols by the use of the filter plate that was 
calibrated to remove 90 percent of the particles 1.8 microns 
in diameter. The assumption was that only this sized parti­
cle and those larger would be removed. It is obvious, from 
a study of the deposition data, that the filter will also 
remove a portion of the smaller sized particles. This error 
has its greatest effect on the deposition data of the hetero­
disperse aerosols.
Suggested Further Study
Using the monodisperse aerosol generator, it would be
37
possible to make a study of the deposition values of an un­
saturated compound, for example n-hexadecene, as opposed to 
the values obtained here for the saturated compound, n-hexa- 
decane. From this study a comparison could be made between 
the lubricating properties of the two types of compounds re­
presented.
It is the author’s opinion that the use of the monodis­
perse aerosol generator presents an excellent opportunity 
for studying the burning qualities of different particle­
sized fuel aerosols in the internal combustion engine. It 
would be interesting to know wnether the combustion efficiency 
is affected by the particle size of the vaporized fuel. This 
study could be extended into the field of jet fuels.
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CONCLUSIONS
To the author *s.knowledge, an attempt to plot a particle 
size —  percentage of weight curve for heterodisperse aerosols 
has never been made* Though the accuracy attained in the 
analyses presented was not complete, as is shown by the par­
ticle size —  percentage of weight curve, it is believed 
that greater accuracy in the analyses could have been attained 
had the author realized at the beginning of this work that 
the deposition values, as plotted in Curve I, apparently fol­
low an 11 S tf pattern* In future studies this observation 
may be useful as a guide in the experimental work of deter­
mining the correct deposition values*
It is the authorfs opinion that, for an Initial study, 
useful industrial results were obtained*
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